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I. INTRODUCTION
The precise location of all assets in and about the
battle area is of prime importance to the tactical Marine
Commander. In the past locating has had to depend on the
individual knowing his own position and being able to report
it through radio links to higher command. This system
suffered from the limitations of terrain, daylight, weather,
and the volume of radio traffic during battle.
To alleviate these shortcomings the Marine Corps and
Army are investigating a Position Locating and Reporting
System (PLRS) to collect, process, and, display the location
of units, vehicles, and aircraft in and about the battle
area.
The PLRS consists of field units and a master unit. The
field unit is compact enough to be carried in the field by a
man, vehicle, or aircraft. These units will determine the
range to other field units in the area and report this
information to the master unit for processing and display.
The range information is determined by measuring the time
required to send a signal from one unit to another and back
again plus some "system" delay. When a unit's position is
being updated it is referred to as the " Update" unit; and
all others are referred to as "Ranging" units.
In a previous study in this area,[1], tests were
conducted to investigate the use of the error ellipse in
visually displaying the degree of uncertainty of the
position of an update unit and the effect of numerous
updates on reducing that degree of uncertainty it was

found that the degree of uncertainty is reduced in the
direction of the ranging unit with consecutive updates as
shown in Fig 1 takien from that study.
That study also simulated one jet aircraft flying Mach 1
in a constant radius turn as an update unit being ranged on
by two stationary ranging units to explore the proper random
forcing excitation covariance necessary for adequate filter
performance.
It is the intent of this study to further expand the
simulation begun ija the previous work by adding an
additional ranging unit, allowing the movement of the
ranging units, and considering the effect of ranging from a






Figure 1 - CONSECUTIVE UPDATES »ILL REDUCE THE DEGREE OF
UNCERTAINTY IN THE DIRECTION OF THE RANGING UNIT
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II. EXTENDED KALMAN FILTERING
The Extended Kalman Filter is widely documented and no
attempt at a development of that theory will be made in this
work. A brief treatment has been included to establish
nomenclature and formulas used. For a more complete
development one is referred to reference [2] or similar
texts.
As defined in this work, PLRS is described by a set of
discrete, linear, cartesian system equations
x_(k*l) = £.(*) JL(M KM _*_(*) (1)
and a set of discrete non-linear measurement equations
_z_(k) = m(x(k) ,k) v(k) (2)
where • and r_ are linear functions and i is a nonlinear
function of the state variables x (k) ; w_(k) is the excitation
noise and v(k) is the measurement noise of the system.
The plant noises are considered uncorrelated, zero-mean,
and white.
The non- linear measurement equations can be linearized
by expanding equation (2) around the best estimate at time k
and using the first-order terms yielding
12

z (k) = 3 (k) x(k) + v(k)
where
3m
H(k) = -= (3)
3x x=x (k/k-1) v ;
x(k/k) is the estimated value of the state at k after
th
the k measurement and j (k/k-1) is the predicted value of
th
the state at time k before the k measurement.
The state error vector is
£« (k/k) = x(k/k) - x(k)
and the predicted error vector is
x» (*A-1) = x(k/k-1) - x (k)
The covariance of the state error matrix is
~ T
P (k/k) = E[x' (k/k) x» (k/k)]
and the predicted covariance of the state error matrix is
„ T
P(k/k-1) = ECx« (k/k-1) x/ (k/k-1)]
13

The state excitation matrix is
T T
Q(k) = e; KM w(k) w (k) r (k) ]
and the measurement noise covariance matrix is
S(k) = E[v(k) v (k) ]
The equations that made up the Kalaan Filter used in
this work are as follows:
T
P(k/k-3) =i(k) P(k/k) 1 (k) + Q(k)
T T -1
G(k) = P(k/k-1) H (k)[H(k) P(k/k-1) H (k) + R (k) ]
P (k/k) = [I - G(k) H(k) ]P(k/k-1)
x(k/k) = x(k/k-1) G(k)[_z(k) - H(k) x(k/k-1)]
x_(k/k-1) = £(k) x_(k/k)
z (k) = m (x(k/k-1) ,k)
Since the only observations in this system are ranges,
14

the observation equation is
V2
z(k) = [x 2 (k) * y 2 (k) ]
and from equation (3) we get
x(k) y(k)
H(k) =
x2 (k) + y2 (k) x 2 (k) + y 2 (k)
The covariance of estimation error,?, is and expression
of the uncertainity. in the estimation of the states.
Considering only the estimation's position error, P
position









Since the position estimation error is normally
distributed, a curve of constant error probability can be






x x y y
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This curve defines an ellipse- Graphically, for the given
probability, the estimation may be anywhere in that ellipse.
16

III. CHOOSING THE BEST RANGES
To move from a simple Kalman Filter observer to the PLHS
model, the first problem encountered was to choose the best
ranger from which to take the measurement. In the previous
work ,[ 1 ], it was shown that the most useful measurement,
the one causing the most reduction in the error ellipse, is
obtained by observing the update unit from a point aligned
with the major axis of the error ellipse of the update unit.
To find the ranger most closely aligned with the major
axis of the update unit f s error ellipse the orientation of
the error ellipse must first be found using the following
eguation.
2 Cov(x r y)
e = i tan-*
2 2-2
This angle (9) gives the angle between -90° and 90° that the
x-axis of the ellipse makes with the x-axis of the
co-ordinate system. Looking at the ellipse in this new
posture one can find the new '* Oncorrelated" variances that
define the major and minor axes.
2. - g
2
* q\ Cov <x *r>
a





2 1 = _
y 2 Sin 2 9
17

If a 2 is greater than a 2 the x-axis of the error ellipse
x y
is the major axis and 9 is the angle we seek. If a 2 is
y
greater than a 2 then the y-axis of the error ellipse is the
x
major axis and the angle we seek is 9+90°.
The bearing of th;e update unit from the ranger must then






x - x D
u R
The absolute value of the difference between 9r after
proper correction, and 3 was chosen as the best alignment
indicator; but to be aligned and to be 180° out of alignment
is of equal value; therefore the absolute value of the
cosine cf the differences was used as the alignment
indicator and the ranger found to have the largest indicator




A. TWO HANGING UNITS
In previous wor)or [ 1 ], the PLHS simulation was setup for
a jet aircraft flying Mach 1 in a constant 10 Km turn about
the origin to act as the update unit for all measurements.
Two stationary ranging units were placed at the origin and
at 10Km north, 10Km east. Using a one second sample
















Its initial covariance of error matrix, measurement noise






























Fig 2 is a display of its final runs. The filter
tracked accurately and the error ellipses shown are twenty
times their actual size to make them visible. Table 1 shows











Figure 2 - PLRS SIMULATION - A JET IN A CONSTANT 10KM
RADIOS TURN FL.TING BETWEEN TWO STATIONARY RANGERS
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TIME RANGER TIME RANGER TIME RANGER
1 2 21 2 41 1
2 1 22 1 42 2
3 2 23 2 43 1
4 1 24 1 44 2
5 2 25 1 45 1
6 1 26 2 46 2
7 2 27 1 47 1
8 1 28 2 48 2
9 2 29 1 49 1
10 1 30 2 50 2
11 2 31 1 51 1
12 1 32 2 52 2
13 2 33 1 53 1
14 1 34 2 54 2
15 2 35 1 55 1
16 1 36 2 56 2
17 2 37 1 57 1
18 1 38 2 58 2
19 2 39 1 59 1
20 1 40 2 60 2




B. THHEE BANGING UNITS
The first step of this study was to add a third ranging
unit at north, tOKm east. The algorithm was enlarged to
include the additional unit and its comparison with the
alignment indicators of the other ranging units.
It can be seen in; Fig 3 that the size of the error
ellipses were reduced in size in the mid-range area where
the jet and the two original units were in line; and the
third ranger provides the triangular measurement.
Table 2 shows the ranging unit chosen for the
measurement at each time k..
23












Figure 3 - PLRS SIMULATION - A JET IN A CONSTANT 10KM
RADIOS TORN PLYING AMONG THREE STATIONARY RANGERS
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TIME RANGER TIME RANGER TIME RANGER
1 2 21 2 41 1
2 1 22 3 42 3
3 2 23 2 43 1
4 1 24 3 44 3
5 2 25 1 45 1
6 1 26 3 46 3
7 2 27 1 47 1
8 1 28 3 48 2
9 2 29 1 49 1
10 1 30 3 50 2
11 2 31 1 51 1
12 1 32 3 52 3
13 2 33 1 53 1
14 3 34 3 54 3
15 2 35 1 55 1
16 3 36 3 56 3
17 2 37 1 57 1
18 3 38 3 58 3
19 2 39 1 59 1
20 3 40 3 60 3




C. RANGING UNITS IN MOTION
In the second step the rangers are given motion. The
rangers at the origin and at 10Km north, 10Km east were to
move north and south respectively at 3Kts as infantrymen.
The ranger at north, 10Km east was to move west at 120Kts
as a helicopter. Again using one second sample intervals,
their motion was defined using discrete linear state
eguations




















It can be seen in Fig 4 that no system depreciation
resulted from the motion of the rangers, Table 3 shows the
ranging unit chosen for the measurement at each time.
27





















Figure 4 - PLRS SIMOLATION - A JET IN A CONSTANT 10KM
EADIDS TUBN FLYING AMONG THBEE MOVING RANGEES
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TIME RANGER TIME RANGER TIME RANGER
1 2 21 3 41 3
2 1 22 2 42 1
3 2 23 3 43 2
4 1 24 2 44 1
5 2 25 3 45 2
6 1 26 1 46 1
7 2 27 3 47 2
8 1 28 1 48 1
9 2 29 3 49 2
10 1 30 1 50 1
11 2 31 3 51 2
12 1 32 1 52 1
13 3 33 3 53 2
14 1 34 1 54 1
15 3 35 3 55 2
16 2 36 1 56 1
17 3 37 3 57 2
18 2 38 1 58 1
19 3 39 3 59 2
20 2 40 1 60 1




D. SOURCE OF MEASUREMENT NOISE
In the above simulations the position of the ranging
unit has been assumed to be exact; while in actual
application the ranging units will have covariances of
estimation error defining an error ellipse; and the ranging
unit might be anywhere within that ellipse. To bring this
position uncertainty into the simulation, the radius of the
error ellipse along the bearing from the ranging unit to the
update unit was defined as the covariance of measurement
error.
The equation for the radius of an ellipse is a function
of the major axis, the minor axis, and the angle at which
the measurement is made. To find the measurement noise
covariance, or the ellipse radius, 2 ' and a 2< must be
x y
compared and the larger defined as Mj, the major axis, and
the smaller defined as tin, the minor axis. The angle, a , at
which the radius is determined is measured from the major
axis and thus is calculated as the difference between 6 and
8. Fig 5 shows the geometry of the calculation of the
covariance of measurement noise. The equation foe R and the
radius squared of the ellipse is:
Mj Mn
R = r2 =
Mj Sin 2 a + Mn Cos 2 a
It can be seen in Fig 6 that performance was improved
slightly using the covariance of estimation error as the
sole source of measurement noise.
30

Table 4 shows the ranger chosen at each time for the




Figure 5 - r IS THE RADIUS OF THE ERROR ELLIPSE
IS THE CDVARIANCE OF MEASUREMENT NOISE
- r 2 = R
32














Figure 6 - PLRS SIMULATION - A JET IN A CONSTANT 1 OKM




TIME RANGER TIME RANGER TIME RANGER
1 2 21 2 41 1
2 1 22 3 42 2
3 2 23 2 43 1
4 1 24 3 44 2
5 2 25 1 45 1
6 1 26 3 46 2
7 2 27 1 47 1
8 1 28 3 48 2
9 2 29 1 49 1
10 3 30 3 50 2
11 1 31 1 51 1
12 3 32 3 52 2
13 1 33 1 53 1
14 3 34 3 54 2
15 1 35 1 55 1
16 3 36 3 56 2
17 1 37 1 57 1
18 3 38 3 58 2
19 2 39 1 59 1
20 3 40 3 60 2
TABLE 4 - THE RANGER CHOSEN AT EACH TIME FOR THE THREE




The placement of the third ranger showed the value of
triangulation of the rangers. The closer to normal the
bearings of the rangers are to each other, the better the
results of consecutive ranges.
The allowance for motion and the representation of the
ranger's position uncertainity as the source of measurement
error were important steps toward full simulation of the
system; and they were accomplished without degradation of
performance.
A better simulation nay be to represent the measurement
error as the ranger* s position uncertainty plus some system
measurement error.
Still to be accomplished is the ability to update all
units at each ranging, and to provide a gating system that
will demand more frequent updates for faster moving units
and less frequent updates for slower units.
A program listing of the three moving rangers with





o#oooowo #-^ _( _< ^i c\j (\jeg <\jcm f\j eg <mO f\l ro rn CO rn fO vO »0 !*"!* r*» h" rnOO —^^ ^hiC^OOOO-B-OOOOOO #OOQOOOOOOOOOOOOOOOOOOOOOOO'H^^'HHH(\j(\j(\j
o* oooooo * oooooooooooooooooooooooooooooooooooQ.«aa.OOQ.O •» 0.0.0.0.0.0.0.0.0.0.0.0.00.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.
















lu-»o.oxo ai *-^rf) •
••< "O **-» Z a »m
C7 •—• •—co •» 0m •-• rn CO
^^^^ » a h- 3 -.«-o LU
X.** » ...-—. z <t Z-*f- O
5£3«T>4-3«4' • X LU 2:0. f*Q.>—wO** I— X «». O DZJ QC
••OaCQc:i-«> CO pi rsj _IUJ< h-
Ou a:co » lu X Z OhD <
- •—. U_ — »l—
1
a: O ar 2:
—
<—.»f —.<r— » LL >H LULU
s>r »-*>r—^3 Q H- CO Qh h-
^ *>3*0 »HSJ •"*-! U z Z LU 3
^>t"— >o>r *>r •• Z LU LU < «CO a





• H- LU LU -4NI^ •o—^. » CO LU a 3LUCO t- »-
Q.z^ivr o.cc'vi 2 X 11 O 3 z »— Q
z<o.«-mx LU t- >* a: »2: >—
•
O LU
LUO »S!«^I— •*-« 2T 2 CC —1 i-«
1— — X ••>-* * — u. co LU-HS a. Q. LL
—^ ..>$ »oa a a z XQ.Q HH
—<<r »-—.— -~ —<cc — i-s:z CO CO O
Q. *-»TOcO>t— H- z LU LUS •—
»
1-^ LU
Z>f«vOI«->-t ac a LU _lh- a.
LU*-X •" •—JO. » LU •—
1
O _J <= H- < < co
i—^ s^—s: »^-» 1— CO z CO 3 Z t— 1-
•»^-* 0:£-» ""J" -j z t—
«
SI a: 3XLU < < LU
a.o.>t-4, v0^o»— * hh LU LU z LUi—2: Q a X
21 •» ••"«-» -X.r-*<-t LL 2! rx CO ^ CC\U h-
LU—• »$ CO 4"X **—" H O Z CO H-f— 1— 1- 1—
1 *"-— ^i »• *XCOOC a a LU CO LU z CO<< X> 3 co
* ».(nj^^—.Q.»-«a: z w LU LU 32TI- O. Q. Q
*: X-^O-O.*-^ »-0- < 21 —I z z 2: CO 1- - <
o •— s: ••cow«z » CO O a. t-1 n LU 3 3 LU
o wOlil-*X^O>-»-» _i 1— O 2: 2: ZQiZ O O a:
CM X **-0 +X.-G *0 LU z Z < CO < •-H<a
II a.—. ••vo-»X"-'i«ico O LU < CO a: CO 32 -J —1 i— z
a »>*"—• ^XNOfw O 2T cC LU z QOZ -J _i _i ~
o a: »>4->j- •• *>•— o. 21 LU LU CO t» <COO < < 0. « z
• »«^ •• »>^«^ *»-<^ CC V- 2: 2: z LU O •—
1
1- »
z 3»-^sj-~»>cf—» •• •» £ •=> r> 1—1 LU •—
t
oclu CC QC i u z
a > ar«—>— co «-»o cc— LU CO 0. K 2! «• XLU O O »— LU •
*-* O •"^lO»-«ZvOUJO f- < z 2: QH-X cC CO •-<
o (_>-» O.^X<— H- 00 CO LU —+ LU LU i QZ 1- LU LU a. X
UJ » »*• 2TO Q. LU ivj hh <«• > 2: O O z Z aC 2: 21 H^ CD O.
ac < »LU •• -SIX -Q. CO LU Luaz O a r*coo z —* S>4-t——-»(SJ »IX LL a CC CC -» —.OU-i-f CO CO 0m 3^>t>0 NH
O. s:*-' »>o^x-» •• LL O LU LU IH CM 4" ocMi^rr 3 OOQ <l_4*»vO M l«tOZ O o: 03 CO CO COLUOO 1 1 CO —lingua O <
—JOcO OLU>f ».<—. »*-0 CC LU 2: 2: •• •.3LULU 1 r •• Luornro —1 LU
o cc *>4"^»nJ-^ •—
i
CC LU CO D 3 in LO -J -•»-• cn >rno>^ -J CC
t-Z—i coZ>* »co«..*«z^ LU CQ 2: Z Z w w<U-LU >* a«o»-4 O 2!
OC'-'O. *0'- >j-<rN|M<Z Q X z> II II >tHM II 11 11 LL
qco jza-sxi-vui £ 3 z 2. CO Q Q OO 1— »- a _i 11 11 _l
LU> <rritzo<zi O Z II < z <l <3|LUUJLU CC —1 <t _j rvj LU —
1
VI 1IIULU<<ImX *—' II II z CO LU LU UJJ.O.O. 0. a LU <3.>X X <
o • t£Ot->OV)XZQ Z 2. 1—
1









oooOMMMMMMMrg(Nc\jovicMc\jcNCNcnrnrnrnro>*>r>t>t>tmmm^minmtr\ #•«» #-fr # v0«o«o
CVJCsl0gC\JC\J(V4r\|(NfM(N(Njrg(NCgC\Jf\|(\JC\J(NCU<N(N(NCsl<N(NJf\J(NC\J(\JC\i(^ *#**•&•* C\J(\I<\|OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO ###### OOO






-t » z i 2: • * 3< 2! 2: M 2: Z M «•
•w — ^ — 2: 2: 3 >3T <t Z 2: * •» -w >
-. X z -5 •• 21 > OS! O < *: * aC a:
x a. •• * X •» CC o< O * a. a: a: >—
1
a-"-» X —— —
»
i—-. O—"-O II -«'-* Q_—.«— cca. a. 00—
•—« w w<\J >-ro — >fr «» z «— 1^» Z*-ZZ ^00
zz 11 rnuj SZXrOUi muj r0UJ Zm—couj mtu * » »H rO
». » —*i— Q •» rfH Q-iH- Of-tfi-O •• *"5—*t— Q-f»- (\jOMc-f OM
j- |. 1 1-1 *4—
1
<-»M II »M <i «»» 1 < »*-i<t MM • »»M <t •—
1
1! < II II — < *
II || -JnOOC IXI || II oa: ujvoa: ajvOacuj 11 11 M«oa LUOQL ^ujm-)^:uj uj<o
•—
-5 »«~3 aiM -5—«^3 a:~3 a£w3oc m-J«-w3 ac—
3
a: »o (t«
— 2: Z -> 2: 2: 2: 2: 2:2: t» 2: 2: 2: HSOOlZ >
mrri'-'UJ mm hu LU UJ oo<uj LU —1 _im #.m LU
CNf\l</)»— _J _ICM(\|M|— _J _I»--J _lt-_l_J rornsh-—
I
-II- -J rO-lfOfn^H- -Jl-MM
_J —i wM_J JMJ JMJJ s;m_j _JM_| _J —
Z
_|M
uaicc< <5aov)Qc< <ia< <iac:<j.<i oo<ta:< <t.cc<, oo.aoaco <ia:
OQQ.2U 000X30 uso U3UO OOCD3U U2U Quooao (J-S
rn m Om
(Nl eg m t—••—
•
mm




















UJ UJ < oo
x a; *• o
I— a a: *-•
< h-
-» oc uj > </>
z o -> oo »-<
«-* •» u_ co o»-" h-
— Z O — f« 3 K- <
z « —< — Z II 00 O UJUJ h-
•.
-* ZlU Z **-' UJ O X2I to
r-i ii *.a: •• - —< oi I—
X
II -5^-( II — < Z I- O
-s » ii z ii *-»s: a <-» o»i z
•• —. -5UJ -5 •< UJ Z0£ •-•
am, -) "HU •• **>*/) CH X O << —
-> »
-»co <— -*z a •-« Q 3
» — ,~4 t-4 •»•» ct • <z a
_ « •.</> m _~ Z H- >-^ 2:0 2:
-^ w isl -?< -J •• •» O < II 2I«-' O
2: M h -X •• *£:* -* SI «-» <00 — O
> t— < M M •— h- -> O" Z
> < x •—z •<- 0000 o >• »• o a'
CJ5 XX OOO 00 XX UJ H- »-h XUJ z o
-. x ^» X"-* X —*— -o —• "* "-ai » u.
(/) «— w(— — t— o>-> aa 3 2
oi •-.-»-» o^-.^-^ O z OUJ t— —"-• 00 <
z—orn-o zit>nO>o z uj • <uj in > aoo
uj »~^>r>*- ->rz>r-t *"t^t~t —* Q ZZO-* S-J miu < zz z
i_ ^^.^^ ^>^a^^ ^ _4,H_i,-4 2 i-t • » -5 co -4 1— a: »• •• •
—
,
_ ll —10 •* O !!»••»«• O ~*~* II • LLO I— •*-• <* •-*'-4 ^
ct •-( »-vOvo »-• » ^o<3 < ^vo-o^ouj -j z 11 11 o* xa <vooi < 11 h 113 iDww mJ->* Ct w—.w3 _| x «-»~J—»UJ f-Q 21—3 **XL ~~>
> o«- o«-< f_o zoz -> • 02:1
^ UJUJ vO »-tUJUJ C7*UJUJUJ»-" U_ *-»** **-h ZO UJ 3 coco CO
_j rooi— h- moH-f-i— -j rni— 1— »— h- 2: >j-sr»-iw ulz —11— _j >!•>!• >r
< OOJQiCt OUJZCtCt < OQCQiQia X O OOHlt i-<uo <0t< UJ oa uO Oa33 OQC ,-'33 O OJ32U H- U. OOLUm 03 U3U 00 00 o
o o O CO o* o ^^
>y en >o fn on o> -^mm ^










































a ad LU ou LU
a u. h- o Q.H-I >»











z •» LU 1— h- -5
o -. X --» CO CO CO< ••
Hrt ««* LU -J LU X XI- •—)
1— OO rvl 0- «• 3 3oo »-*
< Z I— 3 —» 1—
I
LU 00 oo a:
• • CL LU < OO *! «-» 1— LU q:
•o o LU z X x< •» o < O OH- X LU
o h- •» X <LU 1—
t
h- z ZO <
II II
—
-^ COS •i II OO r—
<
mo» oo II
II Z II Z II z Z-» zx z zx z z
z CL •» r> •—-« •> •—
»
LU X z ZOOO * •—•
»
-^l£ —i*i •> LU —4—. --ICO --too z f-4r-4^ X 1—
1
3H- 3oz r-t r-t^
-£ •» II • < h- II •-• II M II X >—* II II * h- 1- a:< LU a: lu II ii *
-5
_- x i-~i 1 1 — idO —
1
< "-t-J"? CO »— o OZ X. -3-5
-J * «H z II o •• LU LU LUOO z LUh- »•
•»•—
t
00 "3 z >* oz n4" -H f\J(NjH-) H- 1— •—
)
O II >0 O-i
—« —• >r— •—
1
in m^ in-£ LO-» —1 monw < -J <-l 1— H-ILU ca in—
wQC a: o x: 0. t—i —1 oo u _J a-J z >r«s|CO ac
X(X o*i LU i_j ox OO O^- -n oo^: Ql <1 o.< a mmZ o Oct
XLU
CO






















CM oo to oo oooo
X OOU OO
o ZJS zr
ininmcMinmm •-«.-« »^*-* cm cm cm cm cm cm cm cm cm cm enmfOm
it* in ino in in in nO^-O^OxOOhJooo^qo^OnO^oo^OsOvq
ooooooo oooooooooooooooooo






>* a* >t ir» ^o p* co a*o —<
m (7* >o so >o >o ^oo Is- r*^
>om^- f»»r» r«- r* r-r* r»
oooooooooo
0-0.0.0-0.0.0.0.0-0-
















































f— ~« •» 1—1 oo*v
< ^» LLLL OiZ -
— 2 •COOO—OO-
"V. • M *-lh- l-^OO
•—»—»3-*oO 0000 I Ot— "-•
- >»>» Nm-»Z2NUJ<
OO * ««U_ -HOOO'-tW
.-.- - O- X I t-*t-»*« >H-
0O0O OOhh'vJ— H-l—LUUJ<
Xh-"»-'UJi-ioc:o<<<xoi—
















































« -.^-.—. 11 V.XXXXXXXXXXXXXOX—^-*
O O-OZ OOOOOOOOOOOOO «0"v •
,—t _iun-J- <\J,J,-»,-<,—ir-l,-*^,—!•»!*—*c^«->(r—«0—I X—
•
>—1—• 1— >—i «~- ••»-< •»•»••»•••••«»«»» »»<\J • CM»




_JH-Q. 22:22X2X22:222222222222.2002:2jzc cc a; ct r* ac at: Nt ex a: ct ct ct cc cc acoc a: ctctaea cc.jac oca










































LU O < LU
z at 2 QC
HI CO 2. 0.
1- 3 <3 00 O LU
O II -1




















OOOOOOOOOOCOOOCOOOCT'OC** CT»O CM (\J CT*
000000000000* 00000Q.a.Q.aaaa.iiaaQ.a4 clcloocl
co coco co co to co coco cococomcoCO CM CN CO
oouoooououuuiuuiiu
o ooooooooohh#^Hm^HoO oooocococoaooococococo#cooooooooO 00000000000*000000
o iQ.iQ.iaaaiao.#aiooio








•••T *~0 •**« Z
or #—» •—»co *
n*^-*-^ •» o
id— •» •<-*-» z
0.>—Ow h-
•oadad»-<> </>Oy «»q£cO * uj




^ »»ro •»«*>! >•-*





1- —.x •>—• »




2: » •.*- •»x-*<
LU-»>l*CO-4"X*-'»—




mo lu—•x *:o •"->
X H—O *idsO *
Od ~^-t •• >H-
••^ •» ••^^ *i 1
2— >*vt—-4-— "
>OfwwcO—O adQ •»—'cO*-«ZvOUJ




































•mC «.3 '""'—> UJ














Q-H-O.Z x t n i









*"t" •"^O ••"• Z

















UJ—X •> »*-(0. ••
l_s^ *>4—.2. f»^
O.O.-4"-«tv0^Ol—




X4-0.0.— sj- •• ••
—2: "CO—.z
mOHI^X^Om




a: »->t>t • *>i—




























































O.UJ LU OXOK z >-</>
CCCC l—>
O.UJ \- coco
O.C0 z X •—1 1—4
<z a: O X







•»4" *^ »•—' 2
Or t»-^ «w»cO •>
>^>* •. t.— z
o.>wwe)*- »-
•Oadad»-i> t/iUO ••OdCO » LU
*> ax-tUJ •—* •J—
'
2:>t *-^-4-<-«t3
>jd f^-O «^»4 •—
1






i- »—x •»>—. »
O. «-4'OoOsf<-.H-
^xJ->*vOX— >«-i
LU>—X " •»•—tO. •>
1—^: »>t-*2: ^
Q.Q--4'>tv0^dOI—




X>1w O.Q.'-nJw •* •
•*— 2: f^—.Z
MOUJ-^XidO 1-"
X *»—O f^vO *
Q.-» »nO—.X— id
»^—. «.^"XNC<





•»>J- 2:O O. UJ fN|M
< *uj •• »2:x •»
2!vtf—»-.ivl *2:
^h-1—.sO t. •><4, Of
OUJ>^ ••>}•— «.»—
COZsf «^0«-.wX






00 oouu 0000 uuuu
4]

o^4<Nm>r«r>>i-^oir>r^oooN 0»-4c\i-«- ^m>tmoo-4' -4<\icn«3, ir\f,*-f'"-aoaN o-4com>i'ir\NOO> a»o—<(\im>tir\
(\jc\jc\irg(\i(Nja>c\j^f\ic\ic\irororo* romraroroo ^t^-^^sf^O^^^irimfnmmmmrn in<0OO>0>0v0
QOCDcooocooorooornaoaoaocoaooo-* oocoooooo cooocoaoaoocsooaococoooococoooo aocooocococoao000000000000000*000000 00000000000000000 0000000
0.0.0,0.0.0.0-0.0-0.0.0.0.0.0.* 0.0.000-0 0.0.0.0.0.00.0.0.0.0.00.0.0.0.0 0.0. 0.0. 0.0. a.




iii3 iu a. >t •—
x<u. o a. *- —>r
>-ULO Z t-t »^**
LU < »-• *X——>
oqzzh lu—a.©xo or2 <oq: »>t **o »»- z
1-tLULUi—1< O •—• •—•CO »
1- ziri-> -j-4-^-4- - o
*«h- <o l£w » •—»— z
x luzo *:s-r>3--5«tf- ••
CtZQCt-i a.>——O*- K
LU»-t<»— LU *00£OC>~«> CO
I— COX 0(J »QCtO UU
LU »OUJt— •" •—»LU •—» •"—
I
atOLU ^— %*• •—>$- ••
aCf-U-Z Z-J- —»<*—<*3
OCi.LUCO Q.w "-• •—»— •»!>
uj uzot •csia:^ »o—"— »
tOZ <LUOQ-2:*iN*" »O.0£iNl
30lUwH-iuZ<Q.«—ZQ.X
MfflQj h-LUO S^t'l— •*"•
tOh- <_I3I- •—X ••>«— •"
z<oxo. •— >*• »sf *oo3ZH ZZ-4<f —-»-<a:
oO»-< OOOO. ••>4"OtO^'-»>—
h-oOZOUZ>r-'OI ,-> 1-'OoOO<< LU'—x » »^^o. »
ZLU>-« mOK^ »v^—.2: »^
-« h-o^Qto »*:— »o^:— *•
2Q00O I _JQ.O--4- ->t>O^Ol—
ZZ«Q£U.<Z • ••« »Ih<3<l— OTLL LU-» n*- CO >*• ><"-»*-
a: <luquj»_^-w^ « «xto
^j_ qc: •. •.cm^-J'— a.*-*
LOOtOZLU<X>tQ.O-'— vf * •
lu< OX •—S CO**—
Z
I— QCLUi->»—X>—OLU—X^O 1-"
Dt-IH »-tX »4-0 »»^«0 " fM>j-
o. ^<-»a:Q.—. fvO—X*-*: —
STU. rOH •*>*— *^Xi«nIO£ OO *£qo— <-h »<at •»4- >i" •• *>t— t— i— •»
<_) Ol—LUX •»>$" •» ••>$— •*— "1
00 «tOZ J-vt^W- •» OO ••
ooiu •ct:>0'^'-to—-0(£«00 —
•
LU«—ttU I—OO •^^tO«—iZ>OLUrO •*
21— •u_<ca:o—o.^X<-'>——— to
<-«tO»— Oh-OC ••^•SIOO.LUtNli-iXr-*.^ X
f— >—<t tOLU< UJ * »sx »x • •OHI-Zm £•**—»-*N »"2:lUlUlU 11
o<to<'—z3:— *ov**x— * zz z
a:j—t-«LULi_a<i-H«— «o •• ^oz • • •—
3 I— »>^>— «^->^ ^t-ic^LU II •» ^-3
OOLUZ " »<0OZ>fr *tO«-**ZtO»—t— "^"3 Z
-jamais:* o**^"<fx'>J<ZHHi-i o*-4
000-»-'OO ,-, -J2:0.wSXH-t0LU—«— ^r-4 I— I—
'iZH<il- <l22liZO<ZI "-» Z
x<o.a:c£tOLuouj<:<i>-<x "h-iluu. qz ao




CM <T| vf lf»






















































-H ^ + LU
-»• « '» ^»
00 "J*—
X •• »r^ z
+ -<-3 * atw f.-} 3









s *£. II •
X ^ II a
II X LU
z zx-»— • Z
•M • i^ii H- •>^H
-<^: LU •^11 * •» < CM f
11 •> 3 II -9-3 H II -J
-5-? z ->~* m * 00 _J
•» 1-4
-ji-h-s i—i II
CC\r^ H- in'«»'»«' ** sO






00C0C0COC0C7*<7*C7*O-H- (J^^OO^O C^CJ^CT* C^O><7>Ox O% CsCs O> QN O(T>C»O>CxO> % O'»^C^<7»O^CrNC,>O% Q> C%000000000*000000 ooo oooooooooooooooooooooooooooio.aa.Q.Q.aa.Q.*aaooao 0.0.0. 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0,0.0.0.0.0.
CO CO OO COCOCO CO CO COm CO OO <N (\| LO CM CM CO CO CO CMCOCO COCO CO CO J/5 CO CO </)tO CO CO CO COCO COCOCOCO CO COCO CO CO CO CO
oouuuuoouiuoiiuiiuuoiuouuoouuuuououoouoouuoououo
zlu o. — — SJ- LUH-
act- •• «-h ..>r— X<0< •-• »X— «-> h-21
zh- uj-aoxo a; lu cc
to »^ •»>o •*-< z x *o
< O •— •— CO •• K- f-tL
-J ^-t^-*" •» O COZ< *— * •"—-» Z <J> CtUJ
o»-i ^3>r>fj^ *• z •-•x
ct>— o.>—o— j— -« llh-
u.h-1 ooco:»-i> co cc
Z Oo ••crco » lu o qo
yji—
• » «™~tu ••— *+** I— ^H-3 -^— >*• —»•*}- » co lu
-JLU Z-4- —
-d"—*3"3 0£O
<X ^ »«#0 M +*— - Z
>»— ^vf— <0>t •»}•. CO LU*-
a.—^ »—— •»> aco
luh- •.<.s:>r^>r >4"'-t a <ac
H-< (NZiC .»o—• » z o
<X O-S^^T •.Q.ocrsi < <o •
>-t- 2KQ.W--sax oz
CO LU'O S^t— •••-• < LL<0Q (-- »—.x •»>— •" O
m
__(uj •*— >^ »>$ »oo co <a
-^ <2T —t>f *-»w-^^q;: UJ 3 CO v
— >-Oh-Q. »>sf OcO-4"— H- «•» O OX
X h(^ZS-fw>OI-> ,-i '-* -* OCf-fQ
x •—«colulu—x »<-ta •» — ai otz
lu z<oh-^ «^t— s: "^ z i- HH<
* -. Z «.^— »0:*£- •» < < co<
— tOLUQ.O.^vi-vO^O»— LU 21 — 0^3! •
_j aji->Q.X •• **» •X«-'< 21 <4* »-• 3
— X lulu—^co-4-X— H- inI 21 •• U.3IO
X f-t—Ql— >t—^ •• *Xco X X >t XCt
X "-Z •» *<\l*:>*'—O.—
I
+ —Z ""• LUZ
LU CO — X-4"O.Q.— .4- •.- — OO XO —
+ LU • f— 21 »</)—
Z
»-• "-UJ *• -*I—'Z.~Z. Z
—» h-c£lu»-'Olu—x^O"-» — s:x — 2: <o •
^ <oaix »+-o »^:>o •• x *+- «^ — "Z o **
. » £^l-<0.- »vO—X<—^ * Z -> Z»-ttOLU it
^ lu< *.>^—» »>tx ,v'oc— —• *<-o >4- •• • OtO ""i
t. z^ci— a: *>!>} •• *>t—Z 1-1 coo — h-i <co< ••
_J 'JJLLj< »>^ » »-^-» •••-< • —» »"0 CO ** -«*UJLUUJ "^
a; O LUf->ar*-^cowoac * X — — Ood h- — »
< CtLUO O •—*CO»-«ZvOLUIVl O lu ^ —• <l— LU vi- h-
> ujz cOO~*O.^X<—»-X hm QZ -3 LUZ^Z " "--
r>>|i-icth- <tSOQ.LUNi-'H CO Qh >t » CtLU>-»<-i -4" <
—( 11 x»—luz< «"lu •• »-s:x — <t— o»- •-, s: h- — —
Z Z)ODLUZ>tt—-"^ "31 II 30 •-< «- LU3CO <
_J— ojqszz- «o>tx— »s Z LUO CQ Z S< LUXOLU z—
•^ ZaiZ>0< >-«—O * 'tOi •— ZaCZ »Z •• * ZHqCh z -cm
^ •. f-taD^Q-OLUvr »-^— »*-,a •-•»** i-«cd»-»'<o ^-» «-• 11 «-< 03q:<lj ^ •
11-5 h_^ 2: ->tw«4-<}- »Z II •" I—O <-« II II H- »3h- »-• II LT>
-5 • Z 3c02:OcoZ^ -co——SCO -•-• Z 3COKC0CO t-i -5— Z XJLOCOZCOCO >-*— Z
-j a qu#ow<mn< « oc o _j*z » cc a • lu#z 9^
^q^ 3 QCCOC -JZO.— Z.XH- cO_j ^^ 3 atcO^_JLU —' —• •• Z) QiOcO —JLU ^O 3
ct hqojmzoo< 2:2:0:2; e?<iz_j ** 1— aaiK-«to<i2; •-• i—o ca~*>->tu< 2. < »—
0<i aiZJX«uJOUJ<l^wX •< OCO UUZ3IUJUJM o o— UJZ_>QXXLiJ»— uuj luq> ctLucot-arxctoi—>'ocoxzo ox otLucoh-ccoco a ao qclucoooi— »—a:o oa: ct
sO -« "' ^





a. a. a. a. a. a. a. o. a. a. a. aa.aQ.a.ao.Q. a. 0.0.0.0.0.0. 0.0.0.0.0.0.0. 0.0.0-0.0.0.0.0.0.0.0.0.0.0.0-




































LU QC w zM H- 1- X
C£ < •• z
fr- Z «* «»
z m -J * <» LU >t
LU OLUX Xz •» -5•» IU >3-
LU ,« -Jf- «• * — z ^»
—X Z •» II O w 000 •-•
ZH- » ZtO •» CO •4- •>
•* ^* ••LU n * ZOH- -»
Zoo II —» z»- •* —
«
•»<-! >f
M_U -5 _ •O •> * Z0C3 ft
<l— •» in coo. 4" •» H— CO >r
1 «'i 1 M • *z 1 w 1—4 COCOLU **
ce.
-5 r\i <o -1 CO »» ••OoC CO
LU2 » -4 wcj X •» < <cO •»
1— im. —
•
LU z «» + w LU -•
n —Hjj <t «_ O. QLU «4- ^» «^ LUX >1-
QiZ •» < f-4 oz II h- "J -5 OQZI- t»
t
~x.*-* >t _ •» QC»- -•4- Bk •* Z>—> >t





3 < _ eg DO 1 •>< • »»• '«• Z)LU *<
u. LUO ZtN w LUO 1B z -JO Z _» Zh- Z -j>- LUQaCCO





^ II •-4 —
1







II II II II II II 11 I—OtO ^
H- 3COCOOO —
.
Z h- Z>COH-XCOOO —
<
-5— i—i -5 *— 1-4 -?-» Z 300 cooo
< a *z LU Of < O _JZ#Z -5 -5 -5 ct a Q*ZZ a:oo_JLU -**- 3 z CCOOIJ 1 -JLU r-4 f-H •» CM CM cm * rO ro » 3 CtOOZULU





OZJXUJH ua: LU az-JXLu 1 1jji—4 O 0— a O— O a<— LUZ3X LU»-
LLLUCOH- QtQ Q3 CC Lt_LUl/>|—Qi<QCQ Qh Oh- a QU qciuooi-<q:q
(\J -^ CM cm m
o o oul) o o 00 o o 00 o o 00
44

cm cm c\i cm csim rn rr» ro «"» r*imm enm <r >*• >*• -^ *4- >i- -4- >r -4- -4" inm in inmmm in in in >o>o>o ,o>ONOvOvO>o^or^r^r-'oooooooooooooooooooooooooooooooooooooooooooooooo
aia.aaaainaiQ.a.aQ.Q.Q.Q.nQ.aaQ.Q.Q.aa.Q.aaaa.Q.aoLQ.Q.a.Q.aQ.Q.aQ.aaaQ.
































< LUI— -*LUO MM
X X >Xh- <)
l-Z 1— CO «p«
oiu —» 1—
1
z 1-X rsjco ».COO •>
S.h- _ HUH- XLUZ *«* —
•
M •• ^ ZH--J *H-< >*• ~3
-5 ZCO •» -33 ^ X3 -^> >—
m •s: N* >a.co >r »a.x > X
—
i
<.CC ••SUJ ^" <z •i *
^ wO z xocx: M -oa: -» **
CO LU X * —0 ** 00 <f -5
| CO z: _ LU *^
-^ a 1- ** •»
ZUJ «# Ml QLUX •4- M OlJJO X 1—4
~5 <z ii •» -5 QZH -^ •—
»
QCZUJ »• >*
» a£*-i 4" »• <•-• >- > Q.t-i> «• <
—4 1—H- a •—
»
>f-cO •» + >h- 1 <* +
,
— DU < ^ 3UJ «-» » 3Z ^ *
z s:< ma u z s:< UJQCC ^ Zm LUO >- >t so z»-
•» •» ZdCZ z •» •» ZaSO m •»«* Zcnuj ** •> • •**
—
1
iH II ^GQh* m<o l-H -4 11 •-HCQI- X ^X H-tcQJ-Ct < *+o ^»—
II II 1-3 2: 1—1 1! 11 H3CO II l-OH-O II 11
— ->-» z 3oo»— xaoco -}— z 3t0 •4" *-* II z 3CO H- «t 1 II -> 11
"O QC O _Jz* *•* at a a * en O QO *
-H —• •> 3 C£o03 _JLU 1—
1
fH * 3 OCOOZ _J «-».-» 3 CtCOZLU —l fH-» ^-i—
.






l_» o»-» UJZ3IUJ LLJI—
t
a (_)«— LUZ-JX LU a>— LUZ3X 1 LU o*-» O"-*
a QU CC LU CO H- Q£< CCQ ao Q£LUCO>—
>
CC QtNj cxlugoh- <ts: CC QH a»-
















CO00 CO CO CO CO CO* COxOOOcOO CO<7*0>ONC7>0
ooooooo* 000000 000000
O.O.O.Q.Q.O.O.* O.O.OOQ.O 0-0.0.0.0.0.
CO COCO CO CO CO COmCO CO CVJ CNJ CO CM (NJ CO COCO CO COCO
oooooooxooxxoxxoooooo
•ft
































































































































































ftOCCCC*-> COOO *QiOO •» LU
ft




^ »-^0 fti*»J ft*—
*£>*-*0>f -^ ft
CC— .-« *—--. ft>
•<2^^-*<4,m
042:^ ftO—— • zQ.2:^^ ftQ-QCNJ LU*-Z
luo ftS!^!— *•—




LUwX ft ft«-4Q. ft
H-ii ft^— 2: fti£
ft^i—
. »o^— •«. >xo
0.0->t^^^0»— ct\->-*
2: ft ft— *X'H< O h-
LU—>l-00^X— ft-




























^ X^a-a-'- ^* ft * *5ZO
— •— 21 fttO——.z <—
o
3. *—OlU^X^O*— cc
* X H—O ftiC«0 * l-ZJ
< o.— ft>0—X— iC <<
2! ft^t—» ft-^XrslcC LUOO>—
2: CL ft-4-^ ft *>-»- JZH
«^ >^- ft I^^-» »>*-4 O ft*—




O ft<-tCO*—Z-OLU COi^ ••
^ 0-^O.iCX<—f— ftLU-*
— ft>J-2:OQ.LUrsj*-trO<ZX II
X < ftLU ft *2!X ft— ftf-*-"
* 2!>5wh——*M ft2:3UJ-i ft
m Z— ftO>*X— • h- H •—
>
x <*——»«o * •»>lk,OZ<»—o—*
q_ OtU-4" ft>^-» *•—»OcC ftLU ••
II
••>*— >f>4" ft*—LU—»H- *—
— C0Z>4- ftCO—2:oOZiC<—
















>o r* co o>o t-» (n >*




eg eg eg (\J eg c\j eg egXXXXIXXX
oooooooo
m vO r*m vO ro >j-
m
min in egcommmO 000^0*0* fs-f*-
oooooooo
OOOQ-0.Q.0-Q.










r-r- r—r-e» r»r* r»-
oooooooo
0-0.0.0.0.0.0.0.
COCO CO CO CO COCO to
oooooooo



































— < 2: £ COn-iO
< «- J*J.-^i-. l-IH
fk »»«-> *».z LU-^LU —* 0C3O
m <CO<>-> f» •• •» •> < LU
-Q O wO-»tO —teom^f l-Z>
eg 1— zuw# m *.•.. C0<
O -••tt-om MMMM UJ>
m comom <•••_ws-» COLU3CCO
-* •-> *m*m CO COCOCO <Z 1 -"•
^2: o. tee, «m xxxx LUi—OO
-*< —i «-* 1— omo • Zt-OiZ
• CO 211— «-H # --) • -! | q2 H II II II 3LU
mz^*:#Q. 2: II 11 II HZr-i luq'S<
« •» 1 llifOHM UL. .»« 11 1 » — • 1 «—-».-l. —
«
ZQ-
•cg^#m »Q- LU^^.^^eg^^^^^LU >-)COCOCU
eg ll Omi-H- ID •»•»•>» H »» »• t» »-D HDQH
^ II •rn-»>v Z-4egrn^-i-t II —1<Nm«4-Z z Z>COQ<
II _-iO •<2:< ,-• -.-.-.». t> » » «•>—
<
02 O <<*3 oCto tu-
i—ocoi-«a2:
Ui ^H *^4
•-. 2: 11 0— 11 II II ^ww—
w
S--«-w-*Z

































LU«--X "• HQ. ••
«ii— *Oit;— •
Q.Q.Nl-st^5«iOI-
31 » -"-- •X'-^< —
*
lu—.g-w>tx<-i- eg
i-^-—^ •» *xco #
» •eg^:>t—.Q.K-»
-H-
X»tQ.Q.w >4- •» •• <
..— SI »oOw«Z h—
•
mOUJ-«X^Om LU<
X »+-0 »-^>0 » 03V-
a.—. ».xo-»X'— >*. +tu
cc: »"4->4- *•>- # •—
-.^- . -.n*—. ~-i *<3:
3—>l">t*"^— —• <x ••
>o«-*w «_.o a:^—x 0.>O -^-»co»-*2gDLU ••^q.-j •
o—o.^iX<—i-m --—iO
-.NJ-20Q.LUtN|t--) -._-j<^i_





OLU>4" »->t«— •—• xto<o
•~4"—.4-<f *ll Z




















00 (^ c\im>oinco* r-com^— * ^un 000 OOO OOO omm OsO—iO^—'-* cjno>o>ooo 00 r-4 >or-co m-^in 00 0*0 •0
r^r- r»r*-fMvoc\j* >OvOOop^o r»r~ CO OC0 CO OCT* ON <7*0>O
oo 00000*000000 00 in irvinin inmm tr\tn>o
O.Q. 0. 0.0.0. a. * a a.00 0.0 a.a 000 000 OOO
0000 oococococomoocorMCMcorMCM 0000 oc QLCCCL ccaco: Z.CCCC (M

































iJ3^J *CtOO » LU
»—« LU •—— «h—1
——.^- _~«<f-~ *.
^ »^-0 »^sl •*-•
^>*-w<o^ *-^ •





r- —.X >—> -
— <j- •»$ »oa
—»«4- •»«»«-•.—.moO •Kj-OoOsf'— H-








1-to.a- >t > •
mOUJ-^X^Om
x "t—o **:<o •
a.** •..o—X'-'^—
»*4—» »»i-Xr>lc£«4"






»vf 2!O Q. LU rgm—
•
< hjj » »»s:x «hu
2T>fr»—»-»in| »»SC0Zw »o>*x— ••
<»-i-»v0 » ••^orz
coz>f *oo——»2Too



















t < r-4 a. a.
h- H- H- 2 1X O Z *£ • •






1 rno O X. «-•«
^ 0 M> mm m
"V mo LU rno •» ^o
^ —0 CO •-^ mm
<«» f-l • O. 1— CO '»'W a
O. so — wO LU —<—
<
h-
* -» *: + -J _4|_ O 2:2:
X •J ^-» _l 21 z ^:^i O •
** *» O-fO LU SiO < ^^: OCM
* >—
1
F - ^0 HH Q.O- ^»K «» —
m
CO Qu CC + + --.inX —
<
r-»w • * — < —»-» >^o CD
* S •—
*





fM • •• f OO r—
1
»-* ^ *»*: z *<»— O **~4 Min <£
1 0- ^*^ o Z0^4 LU »'* CO r-4 <
i^>t>i- n 2:0- < »o -J —1—1 < ••4- LU
v, • *—
a
ixi II LU 1— 0. SIS: - LUr-^ 03 m
<2^»rtii *£<-» H- <LUO 3 ^S2 LU O • •»
w II II - Q.rH < QXO a i«iii X •m LU r-M
Q-«-i ~i~) M UJ O «•(- »LU Q.Q. \— x + r- II
m 00^3 Q. in«oo z o«rf (MLU < z




OCD II m X>- CO -«»— 3
«mrnco Q2K U IK K LU (MCM 3 CO II O O
^ ^ »-^^ z LU^LUZ z OO -J wUJ —I
—uo*: U-^IO —
•
xllj_o — MM CJ LL J> <l O
























































« ac • •
• lu ac CM CM
* CO mm •—
»
— * » » Z z






(M X CM CO co
* * CO — o«
•» * on <M> V. >»
f-4 •» m UJ mm
•» mm • » z mm —
a iC M Mi M z z
—
•




w CO >-> >— CO m »»
CO » lu ac *• m mX o o CO LU r*1 » #•
1 r-r» O —
«
m •» «^ w i-4 ih




1-4 oo CO X •-< C\J LU Q. OC OC
•» t—h- o X o x X 1 0. a.
Q> «-4 i— 1 1—» * o >- •»
z ao »»» -« H- «— Z + 1O *C oo o CO • - (Nl N4 CO
i- ^ o m* >QC^» a z ik • LU t
X «•» — <—• t-4 fMQCLU o o -4 CM o CM
o x »»» —
'
—•> £ O- CO —
<
— z
o ~ mm-m* *«» * 1—1 •• f» «"» H p4 >s < V.
>s. <» —
»
•—» * cox— o < <« •—4
— — fMm ro X - o-^ QC • 1- OC mm QC mm
o — «•»•«•» — X m, 4mm QCK z 0. 40* < mm
• *- OCQC at «-. X "LU QJSOH LU mm Z > Z





O^ro * i* — cm •—. •> ^-^—O a: —» *• o •>
• • •• cOcO CO * - <N> -*^—o o z CO LU CO
.«^>-<o ao o • * X—<N mm »ZO l"« — H- t*M M-H oo o mm cvjoCO ^cOhhO LU CJ> CO < CO
^O^ Wi< •»•> mm OLU»— •» »i •» • CO cn^ «« —1 —
•
»—icO CO CO CO * «M- CO ^omo 0. « oC LU cc r-4
^—
x




<< < fH • XXvO^rO- _l ^-K- oOX— — • • • IB ••0>CM •*-icO—z -J QC + o + O
_« + rn z LULU LU O x »o——XQC'-' LU o-o z 1—
~*—i— — _I—
1
-1 >— c\j» i-»Lnco | a. •» *o m~ o •—
COO^ — • • • *m> ^—.CO •X— | ^ QC • Z z a
xos UJ ac «•• «•» CO +r-4 ••(M | (<>•-» » O <N-» I—
f
CO •— o
1 O* en UJ « »* «•» X - —LU^ -Z-« QC -«o « • •»
—o^: 1 o «wn A » LUQCXUJHr^Mw QC z • mM QC r-4 -*
-»ox LU z -*-* (Nl •—
»
Xoji— a.— s: "02 LU <H- m LU •» •
—ox X < <>*» —
»
mm h-m ^t^^^a \— Of-t»-4 o i-4 o
—4 •—
'
1— QC ocac ac mm m i —i •>z^c •• CO < »o— z — •ZOv _ LULU LU —4-» *XN0X*iX-« II m O—OoC < QC LU
-»* 2 moo 1- »»»•> •** X 2lC\jXO>rCM^CX—
.
QC * QCOQ. QC a. o
*i II < •<o CO LOCO CO ^{\J«0^^—x—a:— LU LOLUO** ^^ •
+ X—(- -«< LU OO o LU mi » * » »0*X Q.Z O •X • LU QC
x-*<ujii CQ uu o fH h- XvO">.- >o—mm || —h-tLU z o»-o t- ii >Z—~ ,| z>Z II — CO- CO + < X—wZ— II CO »3 < Ban < CM
-«co.-<-»z —«•»» LU LOCO CO z _l <w »-« »-—-comz oC II CO II QC -1 QC O
CDZZM z CO CO 03 Oco o -«z D —LU<XLU< »^co<t «•*-* CO X o > i—
•
ii <^:»-t»— >r«-» o <<-i»—<C\JH-rr> |t _ O ii i-s:- »-3: * ••oroH- a Ct<OCCM o CM CO
—^—2 >»» o —'"< II — II II Z II -J i—ICC »rf—i (X •—* -^—»—2 z LU«—LUO —J O —»
omujoaoc X LULUZOLUiCU.kC'-'O < ococaxaco—LLQCO •-* XLUX'-' <t r—
t
LU




o%m<o-r r- OOO CM vO o 0>
vO>*> r»- cm >r CM r-4

























* # #• ^h-ooatOr-^rgfOvrinsOr^ooa^O^fNJro^tnvor^ooo^OFHrg
* tt* 0000«^»H-<-*^-*—<—1-H^CMCMCMCMCMCMrMCMCMCM rococo
* * #000000000000000000000000000
* •» a. a. a. 0.0. 0.0.0.0. a. 0.0. a. 0.0. a. a. a. 0.0. 0.0. 0.0. a. 0.0.




















ce. X Zcm n-i
> h- <o O
CM •"-• Z
o 1 a^coa:a: oca:
*"• O «>X X> LU
00 —. -^LUfNjcM cmcnj X
z <ooo 00 H-
— OTcOcO COCO LU
|| LULU LUX ITk LU I—
OCO XCM II II CM II II 3 <
arz »-o Z _l
>-• 11 -•->zo-5Z'-< 3
CMH- Q^rSKZZK U








































































































































































~5"V "CM •» *
•-(zaaz
H-r I ZS »
—^ZLULUO
^>«-« *»— f— »

































r^cMvoosivo^ONO"©^^^^* •Ovoooaoo >Ovo»o000000000000*000000 000
a.io.a.Q.aa.Q.aQ.aa^a.aooQ.0 0.0.0.








COCOCO;/)COcOCOCOCOCOCOCO<r>cOCO<\|C\JCOCNC\|COCOCO OJCO COCO CO LOOsJCVJlococo COCOCO COcOcO rOCOCOOJOsI
ouuoouoouoouiuuiioiiuou iuuuuoiiouuuuu 000 IOOH
zsrirrsziniuszouzuuixs: oizzzzuosszzrr sis oxsuu
rt* en rt»
Nt • >t
• • * •
at >t •— * CC af •
a.- — —at 0m a. — —





* 3E M *X
H- lu—Q.OXO cc * ^ LU—Q-OX
_J •»t •'O •*-• Z «^ *i •at •vO «*3 Of •— •—.CO • —cn ^ X QT •—a »art»
< •^•nJ-^"^ • O iS • ^ X •*t-t>t>t
LU- v^w • •—— Z »* X N^art • •—
LU ^3>1->T3>J- • ro* X >• >^3»t>t3O




LU OO «*CCLO • LUO ni# < CC OU •cCLO
X «• » •—»UJ •-» »<— —
*
cc < • •—>LU •




Sat —at—«t3< X— < LU 21 at •— Sf
z 1 S£ »atO •rvl •«-«Qi I *: X XL ••tO •>
— * i£at- «0-t *>t •<£ —. • LU H- N^at—0>t
CO "•«> Q.artt-4 •— -^ •i*^ rf>m X O.—-* •—
•z * •<a:«t^:-t't'-' art • »— Z •-<2:>t^
LUO (NZii »0— *CU -*o 1—4 CstSL-zZ, •O
(— •— \- 0.2:*: >t •O.CCMX z:^ z a2iiC>t -
<h- < KQ.—SQ.XI- ^«- >—
«
O 2KQ.—
z< X LUO •2!>tl— *- i^CO LU luo *2:>t
-•3 X H- »—X •>— •"Z XX uC 1- *—X ••
v-ar * •—.at »>t »OOM X 1 LU O •-.at ••t
COLU rt* ^iat •———-*cc *w*^* <x 1— -*«t —
—
LU SC Q. »»tOl^>t—»—LU + *£ CO O. •atOLOO ' *~ X at—OX—>— CC (NJart H- Zat—<OI
ujci: X lu—X » «"^Q. "O *^ CO— Q LU—X •» •»
i-< 1 1—*: «-t— 2: •**£- *> 1-4 Z Kii ->t—
<o —
*
•^— o^** •</) —•-»«* OS < •iC— *o





CO< 2: • •— •X-^'<0 SZ^CNJ — iC <ii O z • ••-* •
t- M LU— >t co>tX—HZ 1- ** a.*: X LU LU— atCO-af
LUCO art 1—at—ii * *XCO< >^-M- s:x OX - t-at—^ •
X # • •CsJ^at—Q-H • •—
a
l-X II 1 • 3 • •(Mi^at
>-LU rt* rt* X-tQ-Q.— >t » *Z zo——> l-Z O. X>to.o—
X iC *. fa-S •COart-^Z'-" •i-i^Q. »Z 3 • 21 •artS ««LO
co>- >a mOUJ—X^Ow< Z— •:ST3I • O.Z O •-(OLU—
X
LU O ^ X »4-0 •^-O »0 •cOf-iK »0. 2: * O x »t-o •
f-—> + a— •ao—x— •* -ix •:>zz O^ Q-—. •aO—
<o H- •at— -•atX'"Nia:LU -^ 2 1 • •(— O^i Z •at— *vt
• -* < cc »«t>t • *>t— H- ^ N^.^-, £0.> X LU CC *at>t ••
0.0 1 X .at " ••at -1* ••—1^ • iir^art •2! • zx LU •>t • •at
3LU ^ X 3a-.at>t—>t— •*"« -5 X»—COO.H- —
t
LU • co 3—>t>t—
2: • >V # >af—"—^—OQCQi • x-»xs>r LUCO >0— LO
1—
'
LU»— ^ — O •^COt— ZvOLUQ. 1—t s »
1
h *^: CQh-1 CO O •—4CO>—
t
- Zco X O—Q-^X<—»—O w CO*i—>^*c X < H-O—Q-iCX
CO 1-4 LU h- 0. O •atSIOQ.LUraJl-lQi CO Xii>^ •01 COQ. X an ••tZOo.
LU H-—" < II LU<I »»LU •» »SX •O. *£ -I«l>j—X <— Q-<t HJJ • •3— X KStH-*n *2:a. ^ O Xtvj'art •-* X — Satt—
LU O X ^. <3T— O^fX-? < zt o«-x O *£ LUZ— «0<t
z oCZ II "V 3^H-l— a© • •'afO + •» •!! 0—'COOO —0 "*. Z<>-4-^ s •
H* COO ~4 —JOLUat *>t-» ••—ILU F-4t-l cc 11 —3CCO *£Cfc 1-4 H*OLU>t »»>t
t— 3—4 >s. + < fcat—>t>t *X Z II II — 0.— <LOO.< NO. + h- •<»-3 co»— ^ 1C >coz>t •</>—*-s:^ Zt-it-i-j-* >rt4ll •»•> iC> :*Z 3coZ>t »coO M •^ LU*0—>t<r>JiN(< »— • art ••* artCC O-M-O—>t<
QC COQ 1— t— _izq.>-2:xi-lolu II II ^4^^ -JO.- —t—I —
i
l-_l J-3 CC-JZQ.-Z
Q CO —•Z < < iu<rza:zL5<z^ z — JSH —> —) —
1
<-J <it-aco<2;2:cc2;
Z -J IO X -i_ q^lucjlu<K»-»X •^ •-tUOOit <l|-— <.<.<. X< X LUZ 3LUO LU<<
CU CO t—
O
X X <ia:oH->OLOxzi- XmQQO U>NUUU xo XCC LU COcco»—>o
i-*c4rr\*t\r\>Q —4c\jrn
o 000000000 000 00 00
51

r\j# >o r*»o^^f\jro>tmNor*ooo>o»Hfvjrr)>4-m>or^ooo>Of-»cvirO'^'m(Mr*aof^ao in>of—cocFO^c\jrci
*^o >*• •^inuMrMfMnir\mLr>mm«o>o>OvONO^»OvO>o>or,»i^'f*-i^f*-f>»oo^f— coco ro fnco^co >!>* ^><-
oo o oooooooooooooooooooooooooooooooo ooooooooo






.-. z \ ••
00 • CC »Q a oo
— Z oc •—• »
>r •» ae a •>
— h- UJ X z •
> OO H-l < id
m LU z a: lu o
— -— a «• k 2: <
vT— •» i-4 ^ < aC
^»>J3 f- • 21 LU—H-—
r>4 »»-i < -* _J»
•»f • s: • LU OLULUCd
— •> — »-< O i-l-JLJCJ
•***« h- •^ Z < - cc
00 <x < oolu *a:
aai'vi 111 < 1-4 . U>J"LU
ZQ.X > cc »zm
UL •> < >t<H-Z
>•— » O —
•
—• > pn>-t *o
•oo X. *>. O—h-QC- "-•
—
.-«QC 00 •• • 0^ "<XI-
•4"-'H- UJ M • »» •» >LU<
o f» —•LUV.-J" | OZ
—ii » z _ •-I ^OC •< II SLUZ'-'
a: •*: < w Z •w >»<• O—0_J«-i»-
_^-~ • M S • CC >v II H^UQi 00
^Oh- CC • •-4 QC •co—.j^-^ sti-luX^< < H II LU . Lu^LUJta:<z-
X«~-f— > II - "3 •• <0"—CC-—OOOLU •
•XoO o "^ • «-» KmOOQ.1-* z«-*
«i»Q_t—* o • «» id <Oi- LU» O «Oh
>* • •
——>z
„^ ^ » OH- *X •LU^O.I—
_J *£ • 1-0 -» <XI-X>f*— •
^0»H < • -3 • V.H-2IO O- h- •-








.Q.Z *X *vO- -"O
X^CC f— — —
»
z in h- •-• -v i— >» ^H U. H- ct
X— LU ,_, OO X •0< •- •f—O •€£
-~ •»•—
•
OC" 00 ^ • rvioom *<^ * • lu
vj--~ • o ^ ^ ft —)- «><«• zx
—Oct LU o a. • LU •LU »0 •CU<LUZ
Z^OLU x ^ *C — *. O.XX- —<- zluoO
<— f— I— s: Z s: HOh II •"l|t-«ZZ»-<
LUkj*—•«"» <-» «n _ <— -^ «*«— '^ <-» •^ ** — **S\m ^>^iil— t—•»—2X »(*- •CO </)0> o o oO-« ^o OfMrO oom •* »0 vOX • •• ^* - LU" <
ivl *Z>J" <•)>*" Z>4" Z«4- m zin z>r minm zin zm m mcsj- x • • • •—1 *5:
X,*— ~t-4 z^ *^1 •*»r* fH •— ~Tl -«»H»T< •-* -^ f-« H-HoxxxmcmH
—< »• i-4 • —i • •» —i » —» • • • • —4 • r-l «• •• »<j>- ^Hir\^^mH-2!l— H-
<>0 II *o II >o «o II o II nO -O^O-O II <o II -o NO
^>1- •*-»
w—Z H-H-H-»-h-»-l-- H--
LULU CT»LU CM-JJ UJ OLU OLU LULULU <MLU CMLU LU LU<<<<<<< •< •
t— H- LO»— LOH- h- *OV- >0H- H-l-l- »OI- -01- K hzzzrszt^z-*










»-« a: ct ct cc cc cl cc lo ct in
















COCOCO CO CO m •/> CO CM C\J CO CM CM
ooooo xooxxoxx
zizsr uzioozuu
** ## # 000
# # ## * 03 00
** ## * 00#* ## * 00#* ** # 00
CMCM CM CM CM CM CMXX XX X XX00 00 OO
"v cc >r •—
»
*n a *- «—>r
» •» >—1 »vT»-»
co uj-»aoxo oc >»
•* " •»>} •»«£ •"-* Z .
O" »— *—»cO •» >
»^>t>*"^ » O CO
ii"-* •» •—-• Z HI
•oa:a»H> coOo *<Cco » uu 11
^.-•^ »—.^.^ LU
2:^ .—.vt—^3: cc




.>o>f H>r •» 3







H- »-~X »>«-» LU
•—»>* •»*• "OO h-
a. »^Oco»fr^*H- m
LU^X •* *^-*Q. •"
.»*:— »o^-* ••
2: •—. *x^<
>— >$•<—^ •• *Xco ••
•»
-csi'sL-t'-Q.** •—>lu
X>tCLQ.— >4" » "^
-»Z)
•—-2: *v)'-»—z mcc
x »*—O »^n0 -ooocq
cl-. »>o—X—^# * vOI— II
•^•—
-s^xrvlcCCMCO'— CC
C£ -<t^- - O-^^CMO. »X
»*f * *"» •*— >».>*> LU-
IS «->*>*-'-^-* —•-• --JN.
>arw^co— ct: cmo3-»i— -*
O •••-^cOi-iZ-OcU'^CMOn-cm
h-O—q. ^:x<*-——w v0t- *--
-J -»$XO O. LUr>>| hi CO CO —»—»«»,
o_< ».lu *• »sx »h-i— a. uu
X^tH--»-—«V| Zh.QCXUJJ
LUST'- "O^X— » OH-
z<t—i«»«o •• -^or-^- zzm
•-.OLU-T »«4-— •"-!* QLUH-
I— »^w>t<t -CC h*_j
DC0Z>*" IK/KmStucco<ao







































































CC iC^ CC m
^% •• »• m» t» •^»
CO ^(T|0 CO co




< •» ^w< k a.
CO a. CCCCLO a. r
—
.z > CCcCZ > -»
^^ •• »• LULU •• •> -^
•.
-a. a. + +Q. CL •»
-^c0> X —•> X —
<
cc £•»*>» 2:^^ •• *• •»
z <xxa o< •• -a. m^
•1 COiilCX vOcO-^rOX »•»*
-^ Z—<-*•«* ^-Z • ~— w Oco
11 >• »sso. a. »^f»^CL a. >o^:
—i^i^r^i*:
I || OLUr-f^«I || COCOOCMCM<tO^CL
-• II II II II ^iC II II -ID II II CCidXX_l II II CC II II w
II —II— »— !—O -»- a.z-»—0 II II Q.-*—.C3—.-)co
I—a._l—I-JOCCO-**— hhm4cm r-(^-^ „^<\j CM CO
-j>Q.o.Q.LnzmiC^:-J»—<-vjin^^jw>»jw(V4<











Oi-« c\jm^ it* vOi*» co f-4 <m c*) ^>m \0^ oo q\o -<cvim^mvOf- co
0»CT> C* Q*OC s 0^ C7* O^O^O^ffi^O^^O^O^OCOOOOOOO
oo ooooooo >f >a--4, >t>a">t>i">t-4'iriinmmmirur>ir>m
oo ooooooo ooooooooooooooaoooOO OOOOOOO 0.0-0.0.0.0.0.0.0.0.0,0-0-0.0-0-0-0-










co m * •»












-4 + 1 1 II 1
<•» • • XX
CO rvjcN **
*+ ^ >v>* t-t—




o ** ->->> zz —
»
O v. •• »<\J 1 II !«» CO ^
o — rOrOO COtO CD 1— CO
• -jo •» •*— **l- a: h-O —4 mroco >>a: •> a: —
.
r-4
+ m w^— —
.
COCO •> CO » CO o r*
—
-o COCOX'N* 1 + C0 H- CO O •i
-5
~«t- ^^CM •• H-*-»- « h- 2. . o
•* "*^ ^^O— OCOi-i ^ HH a < h-
m coo o.o.»-!ir> ** * Q. » K CO
* *iO +co • .^.-.Q. > INI z o
m * —»-» »C\J • • MW> » > O -^ m o
w Q.-» TOUJ-^OO • XX * Q. » o ^ Q.-5
CO * o »Xlu<\ic\ic\j *#a. X NJ *• >- •• ^
^ • • —'—ih-Q-* # —
•




*i <\ll- » • -^ir\La^. O.O. * <^5,i o -5: i-H 21 » 0. •
Q. —»o _<_;— t. • »m—»—
.
•«—wcnacco •• •• vO o< • <i-i <~x— LU
ii 2: •-* v«^)X# * >o cocofMZZ^rO <•»
«
vOcO LU co«-» -o—
o
z
— <—o coco>JTM* # rvjujLucn oo* •»••«*«• *z 2 z s. Zco LO Lf> •
-J N-tUQ >^^^w—.—OIX (N OOQ-NH"?"?^ a. o. * t » m -^ ^Q.^ -J
•• <xo ^i^: *c>x>-irvKi- - #*:* II II— + 1-3 2^-»^ h- —
1
f-l
-^O *-h- •• o.
^LU*J-OLUQ.Q.>0«^CMCVJ'-« f-l XX<~9^COCO—ti -»<mm< ii —1 It II II OO^O >
•OLn^OO^-*—— OO-t— ll cocoa: XXfM II CC It It QC^ || a. 1— T ^ II wj-— X
—«z •</> •:Z II II |-«W'HIOZm ii ti a-^o ii ii n»«—Q-»—
O
o a. »-




r- (*• xO— LU LU •"•
cot— || < II H- rg<\jK-:E'«»»^r<">Ooo»-i»-«!-*i-»_ir\jc\ji£i£«-»^_jw<—J>Oii -^ <? -O o^: H--JH- ^*
^2uj«iuzoo«a it ii ii ii it ill—J r* n aj_icQaj_j «-* -—
*
MjH
^Oiu.iOHMo:ox>(-i-H-OHQ.a<aoaahh<i-h <ioo. LU a o oo. ct<ot: LU
Q.t_)r—»*»—OC0c03LUCX/)Q_oc0OXX>oaOX>«-«'>—l(JIHmijQX >—
i
o a o> 3U2 1—
«
wt O vO -*r\j o I—
1

























^ >*• «, r~ M. o —
.
—<- ••
o r*- o r- o 00 »• »•»
•* •» •»
•» • 'w*
2. o z o 2. o 2: » »">C
< \- < i- < H- < • —*
OO oo oo 00 ••t-lLLM z o z o z a z r^ «0
^ n o M o — •> C5 —» •» H»
•» a. i-i M o. * Q.H-1 ^ Q. t-wZ














21 ~r Q. • 21 hh a. t x • a. • 2: •• O. oas
<~-
-»X— 'JJ < • — x— uu <^ —x-» LU <•-• —X"» —• • • m
OOOO >0"»*0 z lS)r-4 O*--* z 00** sO— f\| Z 00w >owm v0->» t. ••
z Z^ m o f Z Zw m -o • z Za: m >o • 3 zq: m -0 m- xxx






-*X »— •> -l •—I —*UJ •»— «• —I ^^ -»> »|- » ••— >—<i ii 1
II II >oo«o a II II <300 a. II it sOOvO O. II 11 •OOOUJ -0 ~-»>^—"—•
" ^ II i— i—
•
*: it w_|«-» s 1—
t
*H w_|w > —
«
*n — -J— Z) ***
a. s: a. to Q. OO a- Z KI-H-I-
o 7^—
»




vO in— •XI LU t—
4
0> CO— UJ UJ*-1 UJ<<<<
r«. >o^ H--JI— ^, r- r-^ i— _ii— «• r*» r-* H-_Jt- «-» P- f-*: I--JI-I- hSIZZ
—<
_j— »••* »-4_Jt-^ <-.
*
h-«_Ji—i ** -i_J»-«Z -icxcxccq:
o oa C£<CC a. o an a:<o: u_ o oa cc<a: Li_ o OQ- aC<QCO aouoa
o o>- 3U3 a a> 3U3 —
(
o o> 3(J3 CM a o> 3U2U 3U.U-LLUU
ct* o f^ CNJ en ^f in o r- CO a^o -UOO-*































-.< o *» 2CNI
M(-l < *» i—
•
»<* Ql **





<a: Z> <*ii c <A
XLU 00 ^ Z~«
• m > o
•• 00 UJXX a
cgrvj a **
r-4i>4 Q* < X
'»W »— a.
-jO < oo
f-«-Z OQ a 1- • •




f\jrr> • • *» a:-*
.o^o OO *» a.
^»-t iS><3 <* o (—4 o





oo o o o
• • • • •
o o o o o o
o o o o o o
o o o o o o o
• ••••••
~» -> -? -•
o at o — o — o —>
o ino^ o CC O QC O QC
t • •><£ O QCO 0C O CL




o o o mo o o o o o c
• •o •• oo oo oo




r- nO r*- >o
nO >o nO «o
vO •o <o o
>o >o -0 o
o r-4
-o f-4
t-t o rH o
o o o o









o OoC O o
*^i-4 <\|f*LU *^ •^CC
> > H- *-* C\J LU
QC CL Q. > > 1—
>- V- o a: (X. Q.
Z z o h- t— o
~4 < < *-• z Z o
a 1— u. u_ -1 < < 1—
>
o Ul z z LU h- - X LL _l
o -3 —
•








r>J rsl r>J rslin in
>- H- H H-in</> </> </> </)in
< <I < <inx x X xin
f^ —
t
imi X xm m in
o o xmx X xm (T) in
o o rq in ro m
o o m o m o









1. Dittmar, C. A.: , Jr., The A pplication of Extended
Kalman Filtering to the Position L ocating Re porting
System
_£PLRSJ_, MSEE Thesis, Naval Postgraduate School,
Monterey, California, 1975.
2. Sorenson, H. W.
,
/'Kalman Filtering Techniques,"





1. Chairman, Code 62 1
Department of Electrical Engineering
Naval Postgraduate School
Monterey, Califprnia 93940
2. Library, Code 0212 2
Naval Postgraduate School
Monterey, California 93940
3. Dr. H. A. Titus* Code 62 Ts 2
Department of Electrical Engineering
Naval Postgraduate School
Monterey, California 93940
4. Capt. Bernard de Mahy, Jr. 2
1st MAW
FPO San Francisco, California 96602
































Extended Kalman filtering applied to the
3 2768 001 02535 6
DUDLEY KNOX LIBRARY
